The inclusion of macroinvertebrates in the char acterization of coral reef community structures is a com mon practice in reef assessment. More often than not however, data on this component is relegated to rudi mentary analysis and poor utilization, as priority is given to the keystone species, the corals, or to the reef fish as semblage. Macroinvertebrates, being relatively sessile, are vulnerable to current fastpaced environmental changes and it is imperative for a more comprehensive and holistic approach to examine changes in the assemblages of this biota in relation to changes in habitat structure. In an at tempt to address this, temporal changes in the reef macro invertebrate communities of TawiTawi, Philippines were examined in relation to changes in the benthic structure.
Introduction
Coral reefs are considered to be the most biologically diverse ecosystems in the marine realm, supporting high biomass and abundance of organisms despite their oc currence in what are classically considered to be oligo trophic regions (Enochs and Hockensmith 2008) . A large portion of this concentrated biodiversity is not only due to the keystone species itself, but also to associated as semblages (e.g. fish and macroinvertebrates) that occupy these complex threedimensional habitats. Almost always however, there is a subjective hierarchy in reef assess ments, such that data on associated macroinvertebrates are relegated to rudimentary analysis or poor utilization.
A basic tenet that is the backbone of biodiversity is the interconnectedness of all organisms. Albeit not function ally cornerstone species, macroinvertebrates are integral components of reef food webs, spanning all trophic levels in tropical ecosystems, as well as providing crucial services to the system (Enochs and Hockensmith 2008; Przeslawski et al. 2008 ).
Suspension feeders (e.g. ascidians, polychaetes) capture and recycle particulate organic matter from surrounding reef waters (Richther and Wunsch 1999) , herbivores (e.g. echinoderms) regulate algal growth and abundance (Klaus et al. 2008) , carnivores (e.g. crustaceans, gastropods) exert a high degree of predatory pressure on the commu Because there is now a large and growing body of evidence pointing to a worldwide decline in coral cover (Bruno and Selig 2007; Ohba et al. 2008) , it is imperative to evaluate responses of reef associates to such deterio rating trends. This study attempts to examine temporal changes in the macroinvertebrate assemblages in relation to changes in the habitat structure of reefs in TawiTawi, southern Philippines.
Materials and methods
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Data analysis
Macroinvertebrate abundances and benthic cover were initially analyzed using twoway ANOVA to determine significant changes between years and between sites. The difference or change in values between the two sampling periods was the data used for Principal Components Analysis (PCA) to extrapolate factor scores that were used in twodimensional plots to determine sites that showed the widest range of variability along PCA Factors 1 (Xaxis) and 2 (Yaxis). The same was done for the difference in relative composition (%) of each habitat structure. Forwardstepwise multiple regressions were performed on macroinvertebrate abundances of site/s that appeared to have the broadest range of variability as determined by the PCA factor score plots. This was done to examine correlations between the two groups of pa rameters measured in this study.
Results
Macroinvertebrate assemblage
In 2006 85 spp), as well as the highest increase in the 2year interval ( Fig. 2) . In terms of taxonomic composition, the ascidians were the most speciesrich in both years, fol lowed closely by the molluscs and the echinoderms ( The most speciesrich ascidians were also the most numerous in both years, comprising half of the overall macroinvertebrate abundances, albeit differences among (Table 3) .
Habitat structures
Live coral cover significantly decreased, while decline in nonbiogenic structures (DC, Abiotic) were marginally nonsignificant (0.1＞p＞0.5) ( Table 4 , Fig. 5 ). Mean where increase in algal cover was second highest (~29%).
Assemblage and structure correlations
The The most important habitat components that appeared to affect macroinvertebrate richness and overall abundance are relative cover of dead corals and algae (Table 5 ). The dominant ascidians showed significant negative corre la tions with habitat components that are of low complexity, while no interactions were derived for live hard coral cover. Echinoderm groups showed a broad range of interactions but with algal cover still the major determining factor for the abundance of these herbivores. Abundance of the corallivore A. planci was positively correlated to algal cover as well, but negatively to live coral cover. Meanwhile, species richness in the study area increased, albeit not significantly. While macroinfaunal abundances seemingly mirrored changes in the habitat, the contrast that species richness showed, is more likely a reflection of the adaptive capacity of macroinvertebrates, that is, either resident organisms are able to extend their range at a pace instantaneous or close to that of the environmental change, or that the reduction in the 3dimensionality of the reef framework "open up" niches for novel organisms to occupy. Therefore, magnitude of loss of complexity may not necessarily translate to the same magnitude of species loss, as organisms have the potential to be generalists and opportunists and can slow down the rate of community changes in the face of habitat shifts. However, it has been documented that loss of reef structure ultimately results in a longterm loss of biodiversity, abundance (Pari et al. 2002; Przeslawski et al. 2008 ) and biomass (Enochs and Hockensmith 2008). Thus the observed increase in species richness in the area and in the other sites within the 2year interval may only be a transitory episode as communities eventually yield to speciesspecific impacts.
In both years, the macroinvertebrate assemblage was numerically and taxonomically dominated by the asci dians. That ascidian abundances are negatively correlated to structures associated with low physical relief is most probably because less complex substrates are unfavorable for attachment and colonization of ascidians. Moreover, ascidians are innately cosmopolitan and tolerant (Lambert 2002 ).
Other groups that were also abundant are the echinoids and bivalves. The abundances of echinoids practically remained the same across time, while species richness increased from 7 to 11 species. Echinoids play a major role in controlling reef development in that they graze the macroalgae that compete with corals for space, resulting in successful recruitment of juvenile corals. However, increased grazing has a negative effect on the reef as it contributes significantly to reef bioerosion, leading to severe reef degradation (Attrill et al. 2004) . High abun dances of echinoids usually result from algal proliferation following a shift from living coral substrates (Przeslawski et al. 2008) . As aforementioned, echinoid abundances in the study area were not significantly different between years, despite observed corresponding decrease in live coral structures and increase in total algal cover. This somehow suggests that an ~20% increase in algal cover in a span of two years is below levels that can trigger an outbreak in urchin abundance.
Moreover, increased algal cover may have resulted not only from increased colonization, but from increased number of species as well, which in this case corresponded to a parallel increase in echinoid richness. Echinoderms as a whole exhibited this general pattern. On one hand, bivalve abundances also showed nonsignificant decrease in abundance as well as species richness. This may have been due to loss of structures (both biogenic and abiotic) that supports the boring and burrowing habits of bivalves. In Bohol, where habitat shift was observed to be at a relatively early stage (i.e. increase in dead coral cover was greater than increase in total algal cover), bivalves ac counted for the 2 nd highest abundance (16.5%; ascidians ＝72.5%) while the echinoids had very low abundances 
Conclusions
Despite the importance and prevalence of benthic marine invertebrates to tropical reefs, this biota is severely understudied compared to corals and fishes, especially their response to the currently fast changing environmental conditions. (Przeslawski et al. 2008) . In this study, we tried to examine temporal changes in macroinvertebrate assemblages in relation to changes in habitat structure to glean insights on major impacting factors.
Macroinvertebrates showed concurrent decline in abun dances with observed loss of reef complexity fol lowing shifts from living coral substrate to dead coral or algae. However, due to the adaptive capacity of macro invertebrates, communities are able to buffer disturbance effects by expanding their range, or opening up niches for novel organisms, potentially resulting in an increase of species richness. In the long run however, degradation of the reef framework will subsequently result to loss of biodiversity and abundance in macroinvertebrates, as com munity dynamics of dominant trophic groups exhi bited the close association of macroinvertebrates to the habitat.
